Age-specific and age-adjusted rates were compared by sex and race (white, black, Asian). Age-adjusted trends in incidence were estimated by sex and race using weighted least squares log-linear regression. Diverse incidence patterns and trends were observed by lymphoid neoplasm subtype and population. In the elderly (75 years or older), rates of diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma increased 1.4% and 1.8% per year, respectively, whereas rates of chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) declined 2.1% per year. Although whites bear the highest incidence burden for most lymphoid neoplasm subtypes, most notably for hairy cell leukemia and follicular lymphoma, black predominance was observed for plasma cell and T-cell neoplasms. Asians have considerably lower rates than whites and blacks for CLL/SLL and Hodgkin lymphoma. We conclude that the striking differences in incidence patterns by histologic subtype strongly suggest that there is etiologic heterogeneity among lymphoid neoplasms and support the pursuit of epidemiologic analysis by subtype. (Blood. 2006;107:265-276)
Introduction
Neoplasms originating in lymphoid tissue comprise a diverse yet closely related group of neoplasms, including non-Hodgkin lymphoma (NHL), Hodgkin lymphoma, multiple myeloma, and acute and chronic lymphocytic leukemia. Together, lymphoid neoplasms will yield approximately 93 420 incident cases and 38 000 deaths in the United States during 2005. 1 The etiology of lymphoid neoplasms remains largely unknown, although risk factors include certain infections as well as treatments and diseases that cause severe immunosuppression. [2] [3] [4] [5] [6] [7] [8] [9] Beginning prior to 1950, an epidemic of NHL but not other hematopoietic neoplasms has been well documented in many populations, 10, 11 with an estimated 50% increase in United States age-adjusted incidence from 1970 to 1990 [11] [12] [13] [14] (Figure 1 ). Changes in diagnostic practice over time and the emergence of the human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS) pandemic in the early 1980s contributed to the rise in NHL but are not sufficient to explain entirely these dramatic increases. 12, [15] [16] [17] [18] [19] Recent reports suggest that the steep rise in incidence may have slowed in the late 1990s, 15, [20] [21] [22] as shown in Figure 1 . Interpretation of NHL rates as a single disease entity requires caution, however, because the rates reflect a combination of diagnostic and etiologic factors that may differ by disease subtype.
Categorizing the various lymphoid neoplasms has proven to be enormously challenging and has resulted in the evolution of numerous classification schemes over the past 50 years. [23] [24] [25] [26] [27] In 2001, the World Health Organization (WHO) introduced a new system for classifying hematopoietic neoplasms. Whereas previous classifications relied predominantly on morphology, the new WHO classification incorporates morphology, immunophenotype, cytogenetic and molecular features, clinical behavior, and some known aspects of etiology and pathogenesis into the definition of each disease subtype. 28 Additionally, the WHO classification highlights the interrelatedness of the various lymphoid neoplasms based on the cell of origin.
In light of the changing classifications, few comprehensive descriptive analyses of the patterns and time trends of lymphoid neoplasm subtypes have been conducted. Some of us previously evaluated the incidence patterns of lymphoid neoplasms diagnosed during 1978-1995 in 9 United States population-based cancer registries 29 using the earlier Working Formulation classification. 26 Even with this less satisfactory classification scheme, the feasibility and importance of distinguishing among lymphoid neoplasms has been demonstrated. Other reports on incidence patterns of individual subtypes during the last 15 years also suggest that patterns vary among the lymphoid neoplasms. [11] [12] [13] 15, 17, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] To date, no systematic descriptive analysis has considered incidence patterns for the entirety of lymphoid neoplasm subtypes as defined by the WHO classification. 28 Because the causes of most lymphoid neoplasms remain largely unknown, comparison of incidence rates and patterns for specific subtypes may provide critical clues for future etiologic investigations. Recent adoption of the International Classification of Diseases for Oncology, Third Edition (ICD-O-3), by United States cancer registries and the ability to convert cases coded in ICD-O-2 to ICD-O-3 40 make it feasible for the first time to assess incidence patterns and trends for lymphoid neoplasms according to the internationally recognized World Health Organization (WHO) classification introduced in 2001. We therefore conducted an analysis of the patterns and time trends of 114 548 incident lymphoid neoplasms diagnosed during 1992-2001 in 12 United States population-based cancer registries using the new WHO classification. 28 
Patients, materials, and methods
Incidence data were obtained from the United States National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) Program. 41 SEER data collection began in the early 1970s with population-based registries in 5 states (Connecticut, Hawaii, Iowa, New Mexico, and Utah) and 4 metropolitan areas (Detroit, MI; San Francisco/Oakland, CA; Seattle/Puget Sound, WA; and Atlanta, GA). 14 SEER expanded in 1992 to include two additional metropolitan areas (Los Angeles County and San Jose/Monterey, CA) and the Alaska Native Tumor Registry. 42 Together these 12 regions account for approximately 14% of the United States population. 43 Our analysis considers the incidence of all lymphoid neoplasms diagnosed during the 10-year study period beginning January 1, 1992, when data first were combined from all 12 registries, and ending December 31, 2001 , the most recent time for which complete data are available; this analysis utilizes data from the November 2003 SEER data submission, released in April 2004. 42 For each newly identified lymphoid neoplasm case, SEER registries report patient demographic data, including age, race, ethnicity, and sex, and information on the tumor histologic type, primary site, behavior (benign or malignant), and immunophenotype (B cell, T/natural killer [NK] cell, or unknown). Data regarding B-cell versus T/NK-cell lineage have been recorded in SEER registries since the 1970s, although prior to 1990 the proportion of cases with immunophenotype data are small. 29 Cases with known race were grouped into whites, blacks, Asians or Pacific Islanders (hereafter referred to as "Asians"), and American Indians or Alaska Natives; a total of 650 (1.0%) men and 519 (1.0%) women were excluded from race-specific analyses because they were recorded as unknown race. Analysis of the incidence of lymphoid neoplasms by Hispanic ethnicity is beyond the scope of this paper because ethnicity is not recorded reliably in all 12 of the registries used in this analysis. 41 Data on histologic type and primary site were coded according to ICD-O-2, 44 for cases diagnosed during 1992-2000, or according to ICD-O-3 45 for cases diagnosed in 2001. SEER uses a conversion algorithm to translate cases coded using ICD-O-2 to ICD-O-3. 40 
Lymphoid neoplasm classification
The history of classifying lymphoid neoplasms since the 1940s has been reviewed previously. 23, 25, 27 Briefly, beginning in 1982, the United States National Cancer Institute proposed the Working Formulation, which emphasized groupings according to morphology and clinical prognosis, to translate among the various lymphoma classifications in use at the time (eg, Rappaport, Lukes-Collins, Kiel). 26 Prior to 1994, the Working Formulation was adopted in the United States, whereas an updated Kiel classification was used in Europe. 46 Based on advances in knowledge, the Working Formulation and Kiel classifications were replaced in 1994 with the Revised European-American Lymphoma (REAL) classification, which incorporated morphologic, immunophenotypic, genotypic, and clinical features into disease subtype definitions. 24 With the advent of the REAL classification, several changes were made to the classification of lymphomas used by SEER registries, including the addition of ICD-O-2 codes for marginal zone lymphoma (ICD-O-2 codes 9710, 9711, 9715) and the addition of the term "mantle cell" (in contrast to "mantle zone") lymphoma. 40 Since the 1970s the leukemias have been classified predominantly using the French-American-British (FAB) classification. 47, 48 Updated terminology from the FAB classification also has been incorporated into ICD-O periodically. 40, [47] [48] [49] The WHO classification introduced in 2001 builds on the REAL and FAB classifications and is the current gold standard for classifying all hematopoietic neoplasms. 28 The WHO system distinguishes hematologic malignancies according to cell lineage: lymphoid, myeloid, histiocytic/ dendritic, and mast cells. Within the lymphoid neoplasms, morphologic and immunologic characteristics distinguish Hodgkin lymphomas from the NHLs. Stage of differentiation and additional morphologic, phenotypic, genotypic, and clinical features distinguish among the NHL subtypes. Lymphomas and corresponding lymphoid leukemias are presently considered different phases (solid versus circulating, respectively) of the same disease entity. By incorporating WHO terminology into the classification of hematologic malignancies used by SEER registries, ICD-O-3 provides a valuable link between WHO subtypes and historical data in the United States.
The ICD-O-3 codes and immunophenotype data reported by 12 SEER registries were used to categorize cases according to the WHO classification. 28 The ICD-O-3 codes included in each WHO disease entity were reviewed by an expert hematopathologist (D.D.W.). The classification of WHO disease entities and ICD-O-3 codes considered in the current analysis are presented in Table 1 . All data refer to the incidence of neoplasms with malignant behavior.
Statistical analysis
Incidence rates, computed by aggregating county resident population estimates from the United States Census Bureau, were directly age adjusted to the 2000 United States standard population and expressed per 100 000 person-years. 41 Age-specific rates were computed for 8 groups (less than 15, 15 to 24, 25 to 34, 35 to 44, 45 to 54, 55 to 64, 65 to 74, and 75 or more years); the age-specific rates for these 8 groups were age adjusted by 5-year groups. Certain analyses were conducted separately for the elderly (persons aged 75 years or older) and for persons less than 25 years of age, as has been done in some other investigations assessing combined groupings of leukemias and lymphomas in children and young persons (eg, Roman et al). 50 Rates, standard errors, and 95% confidence intervals (95% CIs) were computed using SEER*Stat software, version 5.2.2. 51 Incidence rates were compared by sex for each of 3 racial groups (whites, blacks, Asians) and by race for each sex using incidence rate ratios (IRRs) and an approximate 95% CI for the IRR. 52 The small number of cases precluded analysis of the incidence of lymphoid neoplasms for American Indians/Alaska Natives.
Temporal trends were quantified by estimates of the annual percent change (APC) computed using weighted least squares log-linear regression. 51 Briefly, this method fits a single, straight-line model that regresses the calendar year against the natural logarithm of the annual rate, weighted by the reciprocal of the variance of the natural logarithm of the incidence rate. The slope of this line and the standard error are used to compute a point estimate and 95% CI for the APC. The incidence rate was determined to have changed over time if the APC differed significantly from zero based on a 2-sided P value less than .05.
Figures are presented with the incidence rate per 100 000 person-years on the y-axis using a log scale and age or year of diagnosis on the x-axis. Temporal trends are portrayed visually using fixed time periods (Figure 1: 1978 (Figure 1: -1979 (Figure 1: to 2000 (Figure 1: -2001 Figure 4: 1992 Figure 4: -1995 Figure 4: , 1996 Figure 4: -1998 Figure 4: , 1999 Figure 4: -2001 . Age-specific incidence is portrayed visually using 8 10-year age groups, from less than 15 to 75 or more years of age. A uniform scaling ratio (1 log cycle on the y-axis has the same length as 40 years on the x-axis, with a 10-degree slope representing an annual change of 1%) was used to facilitate comparison among figures for different disease subtypes. 53 
Results
A total of 136 985 cases of hematopoietic neoplasms were diagnosed during 1992-2001 among residents of 12 SEER registries, of which 114 548 (84%) were lymphoid neoplasms (Table 1 ). Of the remaining 22 437 hematopoietic neoplasms, 88% were myeloid leukemias. In the present analysis, we focused on the incidence of lymphoid neoplasms. Mature B-cell neoplasms accounted for approximately three quarters of all lymphoid neoplasms, Hodgkin lymphoma accounted for 8%, mature T/NK-cell neoplasms and lymphoblastic leukemia/lymphoma each accounted for 5%, and lymphoid neoplasms of unknown type accounted for 7%. Mature B-cell neoplasms comprised diffuse large B-cell lymphoma (DLBCL) (28%), plasma cell neoplasms (predominantly multiple myeloma) (22%), chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) (20%), follicular lymphoma (13%), and various other known or unknown types (16%).
Incidence rate ratios by sex
Males had higher rates than females for most lymphoid neoplasm subtypes. The male-to-female (M/F) IRR was 1.5 to 1.6 for all lymphoid neoplasms combined and significantly greater than unity for virtually all subtypes (Tables 2-3) . Among B-cell neoplasms, male predominance was most pronounced for Burkitt lymphoma/ leukemia and hairy cell leukemia, with the M/F IRR among whites exceeding 3. The M/F IRRs ranged between 2 and 3 for mantle cell lymphoma, plasmacytoma, and Waldenström macroglobulinemia. Rates differed little by sex for marginal zone and follicular lymphomas. Among T-cell neoplasms, the M/F IRR among whites was 1.8 to 2.0 for the major subtypes. Although no sex difference was observed for nodular sclerosis Hodgkin lymphoma, a 2-fold male predominance in whites was seen for mixed cellularity/ lymphocyte depleted Hodgkin lymphoma and a 3-fold male predominance in whites was seen for nodular lymphocyte predominant Hodgkin lymphoma. The M/F IRRs among blacks and Asians generally were similar to those among whites for most subtypes, with only a few notable exceptions. The M/F IRRs among blacks were lower for mycosis fungoides/Sézary syndrome and nodular lymphocyte predominant Hodgkin lymphoma and higher for follicular lymphoma, angioimmunoblastic lymphoma, and mixed cellularity/lymphocyte depleted Hodgkin lymphoma compared with whites. The M/F IRRs among Asians were lower for Burkitt lymphoma/leukemia, anaplastic large-cell lymphoma, and nodular lymphocyte predominant Hodgkin lymphoma and higher for lymphoplasmacytic lymphoma.
Incidence rate ratios by race
Total lymphoid neoplasm rates were 10% higher for whites than for blacks (Tables 2-3) . Among B-cell neoplasms, white predominance was most pronounced for hairy cell leukemia, follicular lymphoma, mantle cell lymphoma, and Waldenström macroglobulinemia (whiteto-black [W/B] IRR among males, 2 to 3). In contrast, black predominance was observed for plasma cell neoplasms (W/B IRR among males, 0.5) and for mycosis fungoides/Sézary syndrome and peripheral T-cell lymphoma (W/B IRR among males, 0.7 to 0.8). Among B-and T-cell neoplasms, the W/B IRRs among females generally were similar to those among males, except for a higher W/B IRR for follicular lymphoma and a lower W/B IRR for mycosis fungoides/Sézary syndrome among females compared with males. Among the Hodgkin lymphomas, regardless of sex, the W/B IRRs ranged from 1.0 to 1.4 for the classical Hodgkin lymphomas, whereas a black predominance was observed for nodular lymphocyte predominant Hodgkin lymphoma (W/B IRR, 0.6 and 0.2 for males and females, respectively).
Total lymphoid neoplasm rates were 70% higher for whites than for Asians (Tables 2-3) . Among B-cell neoplasms, the white-toAsian (W/A) IRR among males was more than 3 for CLL/SLL and hairy cell leukemia and ranged from 2 to 3 for follicular and mantle cell lymphomas. Notably, rates differed little between whites and Asians for DLBCL, marginal zone lymphoma, Burkitt lymphoma/ leukemia, and lymphoplasmacytic lymphoma. Among B-cell neoplasms, the W/A IRRs among females were similar to those among males, except for a higher W/A IRR for lymphoplasmacytic lymphoma for females compared with males. Among T-cell neoplasms, regardless of sex, the W/A IRR for mycosis fungoides/ Sézary syndrome was 1.4, whereas the W/A IRR approached unity for peripheral T-cell lymphoma. Among classic Hodgkin lymphomas, regardless of sex, the W/A IRRs ranged from 2.1 to 3.4. In contrast, the W/A IRRs for nodular lymphocyte predominant Hodgkin lymphoma were 5.0 and 1.5 among males and females, respectively.
Age-specific incidence
The incidence of total lymphoid neoplasms increased monotonically with age in all race and sex subgroups ( Figure 2A ). Steep increases in incidence with age were observed for most subtypes, with several notable exceptions. Burkitt lymphoma/leukemia and mixed cellularity/lymphocyte depleted Hodgkin lymphoma rates increased more gradually with age ( Figure 2G,N) . B-cell and T-cell lymphoblastic lymphoma/leukemia were diagnosed predominantly in children (Figure 2K,L) . Nodular sclerosis and nodular lymphocyte predominant Hodgkin lymphomas were diagnosed predominantly in persons aged 15 to 34 years and 15 to 64 years, respectively ( Figure 2M,O) .
We observed similar patterns in the race and sex subgroups for most but not all lymphoid neoplasm subtypes. Substantially higher rates were observed among white and black men aged 25 to 54 years for DLBCL, Burkitt lymphoma/leukemia, mixed cellularity/ lymphocyte depleted Hodgkin lymphoma, and unknown type lymphoid neoplasms ( Figure 2B ,G,N,P). 
Relative distribution of lymphoid neoplasm subtypes
The burden of disease accounted for by selected subtypes varied by race and age. DLBCL accounted for 21% of all lymphoid neoplasms in whites, and CLL/SLL, plasma cell neoplasms, and follicular lymphoma accounted for 16%, 15%, and 10%, respectively ( Figure  3 ). In contrast, plasma cell neoplasms accounted for 35% of lymphoid neoplasms in blacks, with DLBCL and CLL/SLL accounting for 15% and 13%, respectively; follicular lymphoma accounted for only 5%. The most common lymphoid neoplasm subtypes in Asians were DLBCL (29%) and plasma cell neoplasms (17%), with follicular lymphoma, CLL/SLL, and lymphoblastic leukemia/lymphoma each accounting for 6% to 7% of lymphoid neoplasms.
DLBCL, CLL/SLL, and plasma cell neoplasms each accounted for roughly 20% of lymphoid neoplasms in the elderly (data not shown). In contrast, lymphoblastic leukemia/lymphoma and Hodgkin lymphoma accounted for 50% and 31%, respectively, of lymphoid neoplasms in children (data not shown). The relative distribution of lymphoid neoplasm subtypes for males and females was similar within these race and age groups.
Temporal trends
Incidence trends varied substantially among lymphoid neoplasm subtypes. Overall, total lymphoid neoplasm rates decreased at the rate of 1% per year among males during 1992-2001, from 43.2 to Figure 4A ). Among B-cell lymphomas, incidence rates during the 10-year period rose significantly for marginal zone lymphoma, mantle cell lymphoma, and Burkitt lymphoma/leukemia (Figure 4C ,F,G) and declined significantly for DLBCL and CLL/SLL ( Figure 4B,E) . Marginal zone lymphoma increased in all population subgroups from 1992-1996, as this disease subtype became recognized as a distinct entity, and continued to increase 4% to 10% per year during 1996-2001 (data not shown). Incidence of both mantle cell lymphoma and Burkitt lymphoma/leukemia increased approximately 8% per year in the total population, particularly in the elderly. In the total population, DLBCL declined 0.5% per year during 1992-2001. This decline was observed predominantly in men aged 25 to 54, whereas DLBCL increased 1.4% per year in the elderly (data not shown). Rates for immunoblastic lymphoma (ICD-O-3 code 9684), a morphologic variant of DLBCL, declined 17.2% per year (data not shown). During 1992-2001, CLL/SLL decreased 2% to 3% per year for whites and for black men and 9% per year for Asian women, amplifying the excess incidence among whites compared with Asians. Incidence of follicular lymphoma and plasma cell neoplasms did not change significantly overall ( Figure 4D,H) , although follicular lymphoma increased 1.8% per year during 1992-2001 among the elderly (data not shown).
Incidence of T/NK-cell neoplasms rose 4% per year, from 2.0 to 2.6 cases per 100 000 person-years in males and from 1.0 to 1.4 cases per 100 000 person-years in females, due especially to increases in peripheral T-cell lymphomas; mycosis fungoides/ Sézary syndrome rates remained unchanged ( Figure 4J,I) .
Overall, Hodgkin lymphoma rates remained stable during 1992-2001. A slight decline in classical Hodgkin lymphoma reflected a 6% per year decline in mixed cellularity/lymphocytedepleted Hodgkin lymphoma rates ( Figure 4N ), no change in nodular sclerosis Hodgkin lymphoma rates ( Figure 4M) , and a 3% per year increase in classical Hodgkin lymphoma-not otherwise specified (NOS) rates. This pattern was substantially different for Asian women, where classical Hodgkin lymphoma increased 7% per year. Rates of nodular lymphocyte predominant Hodgkin lymphoma did not change significantly overall ( Figure 4O ) but increased 11% per year among children (data not shown).
During 1992-2001, unknown type lymphoid neoplasms decreased 13% per year in males, from 4.7 to 1.2 cases per 100 000 person-years, and 10% per year in females, from 2.5 to 0.9 cases per 100 000 person-years ( Figure 4P ). Although similar rates of decline were observed at all ages, the proportion of unknown type lymphoid neoplasms in 2001 remained substantially higher for the elderly than for children (4.4% versus 0.3%, respectively).
Immunophenotype data
During 1992-2001, 39.2% of all lymphoid neoplasm diagnoses were supported by immunophenotype data (data not shown). Although completion of immunophenotype data varied by disease subtype, ranging from less than 1% for plasma cell neoplasms to 76% for marginal zone lymphomas, the concordance between the SEER immunophenotype data and WHO-defined cell lineage was 97% for B-cell and 90% for T/NK-cell lymphoid neoplasms.
Discussion
We observed diverse incidence patterns among more than 114 000 lymphoid neoplasms diagnosed in the United States during 1992-2001. The substantial differences in incidence patterns among the lymphoid neoplasms support clinical, laboratory, and epidemiologic research that increasingly suggests that there is etiologic heterogeneity by disease subtype. This population-based study provides the first comprehensive descriptive analysis of incidence patterns for the entirety of lymphoid neoplasms as defined by the recently introduced WHO classification. Additionally, we present the first broad description of lymphoid neoplasm incidence patterns and trends for Asian Americans, with detailed evaluation of incidence according to disease subtype and in comparison with incidence among whites and blacks. The most common lymphoid neoplasm subtypes in Asians were DLBCL and plasma cell neoplasms. We confirm that the substantially lower rates of CLL/SLL in Asia compared with other Table 1. continents persist among Asian Americans, particularly for the elderly. 54 It is commonly thought that Asians have higher rates of T/NK-cell neoplasms compared with other populations. 9 We demonstrate that Asians in the United States have a higher relative incidence of T/NK-cell neoplasms compared with whites (8% versus 5% of lymphoid neoplasms) but a similar absolute incidence of T/NK-cell neoplasms (1.6 versus 1.7 cases per 100 000 personyears). The higher relative incidence of T/NK-cell neoplasms among Asian Americans results from substantially lower incidence compared with whites for B-cell neoplasms (16.3 versus 27.2 cases per 100 000 person-years) and Hodgkin lymphoma (1.0 versus 2.9 cases per 100 000 person-years). Incidence trends among Asian Americans during 1992-2001 were consistent with trends in other populations, with the exception of a 7% per year increase in classical Hodgkin lymphoma for Asian women. Incidence patterns may vary among Asian Americans according to population origin, [54] [55] [56] [57] [58] but small numbers and the rarity of some disease subtypes precluded analysis of this potential variation. Epidemiologic investigations have demonstrated little difference in lymphoid neoplasm incidence among foreign-born and United States-born Asians, [55] [56] [57] [58] supporting the role of host susceptibility in lymphoid neoplasm etiology.
Additional research focused on environmental factors and host susceptibility is needed and may benefit from consideration of the lymphoid neoplasms for which rates differ greatly by race or sex. Marked white predominance is observed for hairy cell leukemia and follicular lymphoma, whereas marked black predominance is observed for plasma cell neoplasms. Black predominance also is observed for T/NK-cell neoplasms, most notably for mycosis fungoides/Sézary syndrome. Asians have considerably lower rates than whites and blacks for CLL/SLL, particularly in the elderly, and Hodgkin lymphoma, particularly in children. Striking male predominance is observed for Burkitt lymphoma/leukemia and hairy cell leukemia, regardless of race. White males also have substantially higher rates than any other sex or race group for mantle cell lymphoma and nodular lymphocyte predominant Hodgkin lymphoma. In contrast, rates differed little between males and females for follicular lymphoma, marginal zone lymphoma, and nodular sclerosis Hodgkin lymphoma.
Lymphoid neoplasm incidence in the elderly represents a notable public health burden due to the high rates (170.6 cases per 100 000 person-years) and aging United States population. Further investigations regarding the biology of aging and age-related effects such as immune senescence are particularly important for the subtypes where rates increase most steeply with age, including DLBCL, follicular lymphoma, CLL/SLL, and plasma cell neoplasms. Because the chronic inflammation, DNA damage, and diminished immune surveillance that occur with older age 59 are also linked with cancer, 60 we believe they are important avenues of research for these lymphoma subtypes. During 1992-2001, rates of DLBCL and follicular lymphoma in the elderly increased 1.4% and 1.8% per year, respectively. Improved diagnostic specificity during the 1990s 28, 61 did not appear to affect the increasing rates of DLBCL in the elderly. In contrast, rates of CLL/SLL declined 2.1% per year, and rates of plasma cell neoplasms did not change significantly for the elderly. The decline in CLL/SLL is surprising in light of increased recognition of this underdiagnosed disease. 13, 62 This decline suggests that exposures to the still unknown cause(s) of CLL/SLL may have similarly declined. Table 1 . *All incidence rates are age adjusted to the 2000 United States population. †The total APC is based on the incidence of lymphoid neoplasms among individuals of all races (whites, blacks, Asians, and other or unknown race). ‡P Ͻ .05. § P Ͻ .01. Calculation of the APC was precluded by at least one annual rate of zero.
Some of the greatest variation in incidence among lymphoid neoplasms is seen in children. Incidence of lymphoblastic leukemia/ lymphoma is higher in children than in any other age group; in contrast, incidence for several subtypes, including follicular lymphoma, CLL/SLL, and plasma cell neoplasms, is virtually nonexistent in children. During 1992-2001, lymphoblastic leukemia/ lymphoma accounted for 50% and Hodgkin lymphoma accounted for 31% of lymphoid neoplasms in children (2.9 cases and 1.8 cases per 100 000 person-years, respectively). Substantial international variation for both absolute rates and relative frequencies of (1992-1995, 1996-1998, 1999-2001) . †Presentation of trends for certain populations was precluded by at least one annual rate of zero. Abbreviations are defined in Table 1. childhood lymphoid neoplasms has been demonstrated, providing important etiologic clues. 63 Incidence of lymphoblastic leukemia/ lymphoma is higher in areas with higher socioeconomic development, with rates among United States whites 4 times higher than rates in sub-Saharan Africa. 63 In contrast, Burkitt lymphoma/ leukemia is the most common childhood cancer in tropical Africa, where incidence is related to EBV and malaria. 64 We confirm the continued stability of lymphoblastic leukemia/lymphoma and Burkitt lymphoma/leukemia rates in United States children 65 and a continuation of the decades-long decline in classical Hodgkin lymphoma, particularly in the mixed cellularity/lymphocytedepleted subtype, though the causes of this decline remain unknown. 33, 34, 65 During 1992-2001, lymphoid neoplasms accounted for approximately one third of all cancers diagnosed in children in the United States 42 ; thus, understanding the effects of perinatal and early life exposures in the etiology of these neoplasms may be important.
Although the HIV status is not known for cancer cases reported to SEER registries, the observed excess incidence among white and black men aged 25 to 54 compared with other race, sex, and age groups for DLBCL (including immunoblastic lymphoma), Burkitt lymphoma, and mixed cellularity/lymphocyte depleted Hodgkin lymphoma is consistent with previous reports identifying these subtypes as AIDS-related lymphomas. 15, 29, 30, 37, [66] [67] [68] [69] [70] [71] The observed excess incidence in this population for unknown type lymphoid neoplasms also suggests that AIDS cases are disproportionately less likely to be assigned a specific WHO subtype. Declining incidence of DLBCL and mixed cellularity/lymphocyte depleted Hodgkin lymphoma in this population subgroup, particularly during 1995-2001, may reflect the impact of highly active antiretroviral therapy introduced in the mid 1990s, which increases immune function in patients with AIDS and reduces the risk of AIDS-related lymphomas. [67] [68] [69] 71 Additional analyses that can explicitly identify HIV-positive individuals are better suited to examining the incidence patterns for AIDS-related lymphomas.
The main limitation of this analysis is a lack of central pathology review for all cases. Nevertheless, although diagnostic practices have changed considerably during the past 15 years, agreement among hematopathologists is much improved in the REAL and WHO classifications compared with earlier classifications. 29, 61 Diagnostic concordance among expert hematologists 61 and between registry coding and expert pathologic review 72 has been estimated to be more than 85% for most REAL and WHO lymphoid neoplasm subtypes. Only for Burkitt lymphoma/ leukemia was substantially lower agreement (about 50%) reported. 61, 72 The use of cases classified according to ICD-O-2, prior to the introduction of the WHO classification, is another limitation of this analysis. For cases originally classified in ICD-O-2, a comparison of the ICD-O-3 code assigned by the conversion algorithm 40 73 Additional limitations of this analysis include the variation between hospitals in the quality and level of expert hematopathologic review, potential errors in the coding of lymphoid neoplasms, missing or incomplete data in the registry, and the potential underestimate of incidence rates for more recent years due to reporting delays. 41 To minimize these potential errors, SEER registries are rigorously evaluated for data quality and completeness, with case ascertainment of 98% or greater in all registries, and SEER reviewers undergo extensive training for general cancer registration and for specific cancer sites.
Changes in diagnostic practice likely are responsible for the increasing rates of marginal zone and mantle cell lymphomas and decreasing rates of unknown type lymphoid neoplasms. Increased incidence of marginal zone lymphoma during 1992-1995 reflects the implementation of ICD-O-2 codes specific for marginal zone lymphoma by SEER registries in 1995. 40 It is plausible that the 4% to 10% increases per year for marginal zone lymphoma during 1996-2001 reflect improving recognition by pathologists, although true changes in incidence resulting from changes in risk factor prevalence cannot be ruled out. Risk of extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT), the most common type of marginal zone lymphoma, is related to inflammation resulting from autoimmune diseases or gastritis associated with infections such as Helicobacter pylori. 28, 74 The incidence of autoimmune conditions may be increasing slightly in the United States, 75 whereas the incidence of H pylori infections has decreased in developed countries in more recent birth cohorts. 76 Thus, the impact of changes in risk factor prevalence on trends in marginal zone lymphoma is unclear. Nevertheless, the similar seroprevalence of H pylori between men and women in the United States 77 and the predominance of autoimmune diseases among women 75 may explain why the male-to-female IRR for marginal zone lymphoma is lower than that of any other B-cell lymphoid neoplasm. Increased incidence of mantle cell lymphoma during 1992-2001 likely reflects improved diagnosis of this subtype, particularly with the introduction of immunohistochemical staining for cyclin D1, which is overexpressed in virtually all mantle cell lymphomas. [78] [79] [80] During 1992-2001, rates for unknown type lymphoid neoplasms in the total population decreased 12% per year; a similar rate of decline was observed in all race, sex, and age groups. This decrease is likely due to increased diagnostic specificity resulting from the incorporation of entities described by the REAL and WHO classifications and utilization of cytogenetic and immunophenotypic data. The decline in unknown type lymphoid neoplasms could therefore contribute artifactually to the increase we observed for some subtypes and attenuate the estimated decline we observed for other subtypes, particularly for AIDS-related subtypes. Increased efforts to classify cases are necessary to resolve this uncertainty; nevertheless, unknown type lymphoid neoplasms still made up more than 3% of lymphoid neoplasms in 2001.
Despite our use of the recently introduced WHO classification for our analysis, several important categories, such as DLBCL, remain heterogeneous with respect to molecular characteristics and gene-expression profiles. [81] [82] [83] [84] [85] [86] [87] [88] Future research is needed to understand the etiologic relevance of this heterogeneity and its consequences for lymphoid neoplasm classification.
We conclude that the striking differences in incidence patterns by histologic subtype strongly suggest that there is etiologic heterogeneity among lymphoid neoplasms and support the pursuit of epidemiologic analysis by subtype. The established specificity of certain infections 74, [89] [90] and increasing evidence suggesting that certain risk factors 91 and host susceptibility 92 may be related to specific subtypes further support this conclusion, although it remains plausible that some risk factors are related to multiple subtypes or all lymphomas. 70 Research within large consortium efforts such as InterLymph, the International Lymphoma Epidemiology Consortium, 93, 94 will likely contribute to identifying the elusive etiologic causes of lymphoid neoplasms.
